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*«±fcj&*-77.?£^fi£U ±Ej&fi 

^jWftsaR^ftSfe-siacu&Sft** i i i - 
te%&mmzm^z>zt$:¥fnt?z>&it®i% i i i- 
?>x&&£tz&m£Tzmmj%imm<nmik®%:i io 

[8***3] ±E*««»«fl:ffll£*<0±©Sfl:ffl|£ 

£«#«£^*»**3E*©SMfc«* i I i-vift 
cat** 5] ±fB#^^«^MMi^c±cDSYbm<t 

*»5fc*c<h*tt«£TSM#mE*<0iSfc** I I 20 
I -VM^fiftcMJS. 

0 , ±ESMfcJBtttSSft:-> 'J ^ >ist«g<kf^ >jkt 
ft«Cl&«Wtt&-r«MF*qf 5EttO«fl:4b3K I I I - 

[fit** 7] ±E*JWm*«fcII£*©±©£fl:** 
<fc cm fl:« <=> * -5 fit £ * © ± © S < fc It i *» 6 & 4 C t 

tJ¥a»#©fj£:ft;Sfe, 
[»#J*8]. ±B*fl*H«ft:3/iJ=i>BtT*D. ± 30 

«T**ci*»«£T*K#*7E«©3fl:«*I I 

[»*«9 3 ±E*«IKtt»l©£JMR£-?-©±©± 
ISMS 1 2 ©^RJRt-f <Z>±©i!{bJ« 

I I -Vfcfc£*aM«tc©jS«5Srife. 
[i*910] -tE*l©£JPl*l45«ktf±Ei8 2©£ 
Ilttf?>I^fc(ieMTibO. ±E3<tfflltt3{fc 40 

tfij:itl»«it*»*a l EKoltftttK I i I - 
lOCfttX I I I -V*fc^*iMM**W?rt«S-ti; 50 



±ESfll©j£ftVX^K«kr)gfc>*i-o>&^gB:8- 
0±Ka£«©-h*©»a-R:*W-*_tKJB i nrntm* I 
I I -*Vttfc£4fa¥*{t±lc4>&:< £&£SH#g"fc4& 

±$&m 2 <?> xi?&m^T±m%i, i ©a-fis* 

3SI i I -vikft^¥**±K)R2 0a^4Mt I i i 

^t-rsis*^ i mmv>mt®%k i i i-vmit^ 

im^mi 3] ±ESSBif7 7'f7SS, S i 

I I I - VM^^iftS^S^tfc feotS.S ^ 
i*W«t-r*BI*q|lE*©a?<IS«*I I I-Vjfcfls 

£4&¥s#©*£:E:£i£. 

ftV7.^Srffl^T±E*«±fC^b^lS I I I-V*Yb 

[»*S15] ±E*fb4btt*fl:5'Un>afcH:fl8<t 

[»*S16] ±E#B^ttK<fc:m£^©-h©Sft:K 

fi©SSit^}*» 

l 7 ] _hfeBHfc««BKfc;-> U n >«t-& o . 
iESSflsBtttSfcftiS' U n ^ttS&ttSMt? 1 *' >JKT?»* 
3it*»«t-r*l»**i 6E«©#^#:^S©i3jS^ 
ft. 

W*«18] ±IB#e^tt^Jg^£^©±©^ftK 
tj&»63&:*2:i*#«fc"*-*lt*ai 4E*©¥*#« 
B©§![jfe£?*o 

[■1**1 9] JtE&JRKtt^^aSfctta&llItT 

* o . ±Ea^«ittf8ft:>'U n >m&fztemit?-? >m 
[»*js 2 1 ] ±$zmitmim<t-> u ^ >«-?* d . 

JiEaE<t«*«l:C/«ft«lA»6&*«ttafl:KYb->U n > 

>«T»«CiS»«tt«i#3B2 0Ett<Z>¥*#£ 

[fS*JS2 2] ±!2^IK«il®^)Bii^ro±C 
±E* l ®MK2:lia:«1 2 ©&JgJ8l<fc-£-©±©^rt: 
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If 2 2 IBtt0¥ill#&SCDfij&2r&. 
[W*JR2 4] ±fB^gV7>i7^*ffiiLTffl^^-5C: 

m. 

[»*JS2 5] ±Rtit&-?Xi7ilfi&Mm£ J t<D±m 
ttM£.fr$t£&Zi:*#mi:?&1IMtM2 4f2«©¥» 10 
#&«©§!&;&*£. 

$r#i![i:-r-5if*3l2 5 |2«©¥^#:gie©®!^77fe. 

£W=m£-r£fif*JS2 7fE«©*^#:ga©«3g^fe. 
[«F#JH2 9] ±EriE*T^^*»JHl©^*ilt-e-© 20 
±©±f2m 1 ©&«&££& -5 3g 2 ©&MSI<t-?-©±© 

2»ffci£B©§!!ig77*£. 

&&Wl.t-?Z>m$.m2 9 £«©¥*#&■©«££&. 

ft5 l ^>«tt^6tt*Ci*WlRi-r*l«**2 4 8B* 
©**<*:S«©«iB*ffi. 

t»*JS3 2] ±e*ft7Xd^#4I«t*©±oa 
ft^>Ki*»6ft«Ci*W*tr*lll**2 4B« 30 
©¥*#&■©»££*£. 

ft** J:t«fl:Ki* &&*Bti-€-©±©S'fi:5 t ^ >flt«t 

[»««3 4] ±IHfiK*VX^*iJBl©^*«t-t© 
±©±1B*1 ©&*«£»&** 2 ©^JRBJtt-t-©.!:© 
Sftf^>Blt*&S:*::tS»itt5ll**2 412 

[»*W3 5] ±f2^S-7X^«X h^-f-fmVl&m 40 
-f*Cli:^#^<h-rSf**3Sl 4f2«©¥«#:Sfi©8? 
it 

Mb, ±f2mi©/£ftVXS'£ffl^T±f2S*£JbtCfiS 
KDMimmi I I-VSfc^*i**l^fiSt 
7t?£, .hSESiS 1 ©Jjfcfi^XiMCfc 9K£>nxv>£E&>aitt)- 
©±tEa6«©±*©ffi»lC*»-6±E» 1 ©*flS«JS I 
I I -V*ft:6<lb¥*flE±|c4>ft:< & feMBftWMb 

frzuz>0'mm\zj:r)mf&2nrz$&2<DfiLm-?z.>7&M 50 
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$U ±fBf§2 ©J&ftVX^&ffltAT-bfH^ 1 cnmito 
I I -V^t^*3g#±{c|g2<0^-(fci&5fl I I I 

[itS3 7] ±E**tt-!*-7r-f 7««. SiCS 
«, SiSS, xif*;u*«*fctti:n6©±K:asft:* 

«I I I -Vfcfl^aN^ttSjfcfiStt&t)©-?**;: 

[ii*3S3 8] wmnh 1 1 1 - vsKt-s-^^^s 

£ tit H 5 C i fcttfll it -5 ¥*#=£fi. 

[0001], 

-V«flS*«i|SJ»flcOj««*lfe, ¥«£M£B©SSjg7jffi 

5 «r» tt«^jfeff JH^icaffl LTfflft *> ©r* a . 

[0 0 0 2] 

[t£#©8«] GaNSflftMSI^lfl:^ 
D. -t©^«l#Sttl. 9eV*56. 2eVl;I-3T 

*30. *©!■«#««*:»■«> sn-c^*. £©g 

»t J PI*tt»2. 5X10' cm/stSi, G a A 
X10' V/cmi^t : E>KiC*<"*t^*^T 

to 00 3] cnso^sHMmt. -use, *s±c 

^$«feG a Ni¥i*l: J: DiSSnt^S. C© 
fc*. cn6©*i»#*^©tt1ll*«*#L,A»t3|6i±af-a- 

«-T. £©GaN5S¥##©J&gffl*l££L 
Ttt. G aNt©<&^S-&14*^^M^!ft*fi*<^:^fc 
$CD-7r'f7iS*'I^6>nt^«^. GaNt 

[0 0 0 4] Cffli5C«RtOll?i6ttiWIWit 

[0 0 0 5] «E*tt, C©»a^PB©***WA*fc«> 
K, D'77'l : 7iS±l:fiI^GaNtrdiAlN*^ 
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fcSAy 7 r Jf MUmm* l 0 0 0"CnU'& 

#:£/£ft$-fc»-&;i£tCJ:0> GaN^*i«:<!) 0 a 0 I©|Sl 
±£E!oT^-5 (#J;t«. Appl.Phys. Lett. 48(1986)35 
3, Jpn. J. Appl.Phys. 30O99DL1705). 
[0 0 0 6] La>L&atS. iC^ffiSfflUTi, jgg 

H10' ~10"cm-'iSilJ{iTBK 

[0007] c:o^:Rsgg^&ig;^3-a-^/cie> 

(C. f*GaAs&t*©I I I - V&fl;£#i¥agE#:<Djl 10 
#iS£fi (Cffl e> fit § fc»ffi_L t- G a N H £ fijift $ tt\ 

■to±K:*fl;>' I J3>«!4i:oifilM)t*ffl^fcllftt©T 

(11-20) ^ftJCMfiS-tf-T. 
tcISBU ^o±l:;Wh*7'f F^MS (HVPE) 
SifCj: 0 G a NgCDS^fiegSrff 5 C tiWI§SftT^ 
■5 (#I*J£, Jpn. J. Appl.Phys. 36 (1997) L899) . ZLtllZ 
±W1 ITIKfi:fS*6xiO' cm-'i«ifl'> 
Si** 

[0 0 0 8] Sfc. -C-CDS^tCb. *«J:k:38*E^lRl*» 
^«*§/£ft (MOCVD) ttfciOGaNJPStSfit? 

-loo) ^psm^gs-a-r. m^mmx-mmv, * 

©±f;:MOCVDi£K:J:0GaN«£j*ft;£li\ £££ 
fefttR^«it£i*f£bT^«> (Appl.Phys. Lett. 72(199 
8)211, Jpn. J. Appl.Phys. 36 <1 997) L899) „ ZLtlZOm 
glCtnH liKfiSS* lxio' cm"iSSt 
M'>St5it^5. ±mzftMVtz¥ 30 

##1^— y©*#A«i o o ommsx±\ztzz>£ti>m$& 

[0 0 0 9] 

[5e8JjWSftb«fc-5 £-*-*»«] b#>b&#£, *^BJ 

#-e&££(^raig#<&o;t. 

[0 0 10] tf;#ot, C©^HJ§©B«J«:> {Si^ft^ 
P(B^Kro^p n pKro^Sra^b#i* I I i-vmit^m 40 
¥*#**£*S**Ci:j6«T?#*S<fc** I I I-V* 

[0 0 11] 

WT-S_hizE«a£II£:S?g*T^< . iSL««m2r?TO 7c.. « 

[0 0 12] Bl*itfH2tt. 01+177^7^1 
ics i o, ^eft-s^ccvx^ ( 1 - 1 0 0) 7?ft 50 
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fcJEg£i£T. ^©WPSTgHfiU -?-<7)±lCMO C V 

[0 0 13] 0 1*5<fctf0 2 «fcD, X»*«YX?l:»L- 

*#vx£fc»LT££;*ffl)&*&AI#b&«£-K:ttc*ll 
Ofifli©«*^»ttS«TC £ *flHBT* £ £^T 
#-5o iSiBl!« ; ?«IK& (TEM) tC«fc-5«?«fSie*^ 

i^i/OSWi:©3 tt»f©«^FlSl©l»*ttj8«m 

[0014] sKAAmciiaMo!>fli*30t#tirr«* 

^SSiJ^n, £©J:3£*ie0>i*Att::©-kfc:fls»-r* 

[0 0 15] *»W#tt. «*«W*ffofc»*. X* 
tic ft ffl © v X tr ± \z A * f -5 it © IS H © © M £ £ #p it 
fcte, vx^©«*®£gft%T#/&-r-sc: £j5<W2&t- 

[0 0 1 6] l3 6:fe<fcO:|2I7«. cIiT7 7'f7Sffi± 
S i O, M_kCS i NflgSrgfSbfcS i N/S i O 
, JBt^SfcSWttCDVA** (1-10 0) y^ftfCMft 

tl-fttvx 47 \zttl,T¥-ft 77lS]^«k^7. 47 tc*f ITI 

[0 0 17] 0 6*S«fctfK7 ±0, m&W&S i NCOT 

^teH^Tco^a«6c9M^cD«e,o^£^-r¥{Siti (f 

[0 0 18] Ctltt. B5fcjj«"rj:'5l=»lRj«*«lOll 

[0019] sfc. wk. mtmik i i i -vmt&tfa 
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[0 0 2 0] £©fgBJ3«. *»W#KJ:*et±OJ:-5& 
[0 0 2 1] ±BBW*3tJSt-6fc»k:. c 

*Sv^^$ffl^TSS±l;gtti I i i-v^ft:-& 

*¥*<*:sa*?j«fia-a-*«fc'5f=ufca<b«* i i i - 10 

[0 0 2 2] C©3B9J©JI5 2<©$8f!tt. S«-htfiKfi-7 

i i - vmit&®*m&&m$i!$.&-£iiz>&oizi,fr¥ 

[0 0 2 3] £©#g9I©Sg3©f8i3)i«. QKMIhl I I 20 

z&g £ ni n z. t & <&m t. -r 2. t> © -c $> %> . 

[0 0 2 4] lOJBWKiHT. l&m^T,? &mtff?2> 

(S i N) J $>&fc3 L *> (T i N) &<»fTa&£. £©g 
fl:ft<BJP£tt, lnm6l±3iimaTit 30 

©m i (D&mmtmtezm 2 ©:&jgai<h^-©±©g{t;tt 

£#><=>&•&%>©, &£©«•* ©^©T&oTck ^. 

*J£g-ffc->U n> (S i N) m j P3Hk? L 9> (T i N) 
a&fcD&JSgfbJK, ^JMRttMAtf? 1 ^ (TDK 
^>e^ (Pt) M&iftra&o. ftfc<»;fe«ktfB*fls4fea>5 40 
S5lB«jltfSMfl:y , J3> (sin,., o, (fc 

«u o<x<d gn?**. sfc, cn'so^ii 
* izgtitir 3 «fc 5 cfcffc L x t> «fc t,^ 

[0 0 2 5] J*fiv.X£r©«M*tt, 

[0 0 2 6] CCDfgBJHcistATte, tfc 
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fc* 1 ©SSfcfc* I I I -Vift^^iftSIRScg 
©36«©±#©8B#fc:#tt*j|Sl©g<fc4l&JS I I I -V 

#»»[icj;o«^^nfc^2cofigsvx^$^^L. m 

2©*fi7X?SfflHT«10Sftft»I I I-Vjfcfb 

&®¥mw±.\z'm2<Dmkm&i 1 1 -vi^t^^ 

[0 0 2 7] dC0^BJ(c*5^T«, fi^gVX^^^COS 

«<h^-©_h©gfl;«<i*> 6 ft •£>*>©. ^mm.ii^r(O±C0 
J*£**2©&««£*©±©SftJKi:a»&fc.Sfe©. 

±©gfl^&J:z^fb$3^6&i>®i<t:^©±©g{t;^ 

>JR&ft>ett«<b0, Sf£l©£JliMi:^©-h©?fll©£: 
IltS&5^2 ©^MK<h-^©±©3'ffc;5 L :5'>JK<i:#^ 

[0 0 2 8] ^©^Bj(c*5^T> 
«, S i CK*£. S XH^il'SSiiifCS^. 

Z.tlE><D±.\Zfgik%0%i I I I -V«ft#*¥»#St36ft 
[0 0 2 9] Z\<nmW\Z£il>T. I I-V^ 

fc£*¥S*#a>j*ftK:tt. mm&mikm%ftJ$.& (mo 

CVD) ft. /WH^HgfflfJfi (HVPE) # 
f8lf^ + y- (MB E) J*<ct**ffl^*CtA*-e* 

[0 0 3 0] -J1©*^K*^T, SISte+T^T-f 7S 
«, S iCli, S iM. X 

;:ne>©±fcSSfl;tt* i i i - v»<k-&«**#*BKft 
[0031] d©»B^tc*3Vi-r, mk^i ii-vm 

It&m^mmi.. Ga, Al, In, B*itfTl*6 

&-6»«fcDa«nfcii>a:< tt>-aa©i i i m^m 

^^:< tt)N S&CioTS^CAsJt 

ttp*$tfv»s7c*£a»&fc*. r©^(k#i^ i i i - 

V«E<t-&«¥SI#©Aflc«S*tf*i. GaN, A 1 G 
a N. AIN, GalnN, Al Ga 1 nN, InN* 

[0 0 3 2] ±»©J:'5fC«|flE*nfcCOSS?B»C*^T 

aa**ai&ffl^TV»*JltK:J:D, -?-©fi^M©ait 
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[0 0 3 3] 

To 

CO 0 3 4] ^9-01 4^^^H^0^1OHffili 10 
lCck«GaN5R¥##l^— If^fBJfi^ffi**^. COG 
aNl^ift^ tfte, SCH (Separate Confinement 
Heterostructure) $tjg£*-t£ fc<£>T&& 0 
[0 0 3 5] 21©»l<Z)*«»IB^45liTtt, ■ 

77-f7Sfil±C7>F-yGaNli^±(Oni 
G aNli*6&*nIG aN/7> aN!2 
£j£g£i±£o ilOniGaN/7>H- 7 p GaNl2 
<£>j£fi{Cte, MOCVDffi, HVPEffi, MBESSi: 
^ffl^SJli^TfS. ^OnlGaN/7>K 20 

-yGaN!2±l:, Kfl:46Sfc«*JR36^6a:*»lO 

SIN,., O s (fc*£ U 0<x<l) flK»T i JK^P 
tI6f, »3 0*5iL/TliMtfT i Nl^S i N 

<fc SB 3 (Dm 5 CO 5 % < £ fe— 7j * 5 

«X#S»«. MA«> f§ 1 OJSS3 iLTT i IK"^P t tSt 
fc£©*«**JB<r*«*dfcMU f6 3<&Bit5£UTtt09 
*_fcfT i NIRS&teS i NK^^fn&ffi^t'bJ:^ 
^> Ml COM3 chLTS i O: K&£0ttfcK£J8V*« 
*£K:H\ J»3flD|R5 4:LT»4»«ttOT I N«*ffl^ 
utlf,^l(Dl3, »2<Z>ffll445<fctf 

»3C!)Bl5 0»*k:a:, 7>rty*V># 

Ltffll^nSTiNISH fi»J&J&LTt>cfc^**, T 40 
iMtSJgjSLfcSL r^)TiI^ilfi^7> : tz7 (N 
H 3 ) +T»ilO ! ibT*ftSfT'5utl:it)»fiEl/Tt) 
cfc^o Sfc, iKBfcllBUT, Ctl^>c7)miOK3, §2 
©|«4*W*30||5S»«tilli:, nSGaN/ 
7>H-yG aNl 2©«I««^tf7y«*©Iy? 

[0 0 3 6] &\Z, Ml 0 \Z7jk-?£?\Z. fg3C0^5_t 
\Z, •JV^77^-iaO, ^Iz-if^Xh^^ 
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[0 0 3 7] #fC, 0 11 t^^f 1/yX 

l COM3 St^x^^t z>zl£\z£ 0, Sg 1 cDJBI 
3, ^2<7)M4*5j;rX^3CDM5*^ft^^*VX^ 7 

&Z.£tfT*&Z>&. 0«Akf4. 8^mRTtn, £C0 
i7f>^f:H 09;*Lfcr* K^te-f^x^;^ (R 

IE) S0 < t^^H7^X7f>y'^ 7^iS0X 

[0 0 3 8] m 1 2 K^T^fC, 

[0 0 3 9] ^S7X^7 7dt^$nfcc®it^ 

7-T 7*« 1 £MO CVD8fOSKf«l:»At*. 

(NHj ) , GagjstiLTWx^hU^^MU^A 
(TMG) SfctthUX^PifU^A (TEGa) . * 
t , J7^XtLTC3JAtf*i (H, ) S:&ttS* 
(N, ) , naF-/OhiLTMA«y7> (S iH 

4 ) *rai$fc«*&-r*. cobs, ii*?^s?:s$ftcfT^ 

A«5 0 0t:£l±l 2 0 0^^0 Cftlt 5 0 

or*^co®^-e«. Mvx^7^M$n/cciii- 

7 7 71S 1 ±lc«*&Sn-5K»^J#bT+»S:v-f 
^ > 3 >X*;!^-^x. £ nt, SlftGaNI 
*^fi*1** — 1 2 0 0ti;0M 

ffiS-TX? 7i^$nfcnIG a N/7> H- 
T^G aNJi2'±1?a*iJ«ft38««2: ^#fa^iitt!<£> 

lGaNi8#Iililt}HWo 

[0 0 4 0] *tC, 0 1 4 fC^-T «k 3 \Z. §I#M^TM 
OCVDfti:J;DnSGaNl8±^ nSGaNi 

9, nIA 1 GaN?7^y KB 10 > nIGaNMS 
II L Mtl&G a,., In, N/ G a,-, In, N# 
S*^#F«itc7)f5ttB 1 2, pSGaNTtiSIl 
3. plAlGaN?5yFI14iiffpIGaN3 
>^^Ml5^I«g$t^) e £<DiS\ ZLn^CD 
B<BTtt<i:&£ nSG a Nl 8 **<B;»li*Bfi8£<0Sii& 

^it*5nIGaNi9, nIA 1 GaN?7y Hi 

10, nSGaN^iiSIll, piGaNMSil 
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3, pSAlGaN^77Hil4*ir;pSGaN3 
>^i7 hS 1 5<0jSfiffi«tt«Atfl 0 0 Otggi 
L, I n^^tylT^^Gai-, IrixN/Ga,., I 
n y N^fi»^#F«jgCOSttS 1 2<Df&mMm*M?L 

— nSGaNi9^3//m, nlAlG 
aN??y FJI1 OttO. Sum, nSGaNMSi 
llttO. Urn, pSGaNMS112«0. 1m 
m, p!AlGaNi77yH114H0. 5/im, pi 
GaN3>^^Hl 5IS0. 5/zmin« nlAl 
GaN^77Fil O^cfc^p^A 1 G aNi?77 FI 
1 4CDA 1 m/£te#lx.«0. 1 £T^>o nlGa 
N19, nlA 1 GaN^7^> Hi 1 O^itfnSGa 

U plGaN^iS113, piAlGaNj^7*;H 
il4^i^piGaNn>^^Ml 5 KteT^-fe:/ 

ft> ^Kp^GaNT^&Jg 1 3, p!AlGaN^7 
7F114^ctt/pSGaN3>^^Ml 5 1C H — y 

[0 0 4 1] piGaN^>^^Ml 5±C, 

MAtfcIU-7r^7a£fil© <1 1-2 0) ^fftfcffi 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To grow high-quality 
single-crystal nitride-based lll-V compound 
semiconductor having a low density of crystal defects. 

SOLUTION: A growing mask is formed on a substrate. 
When nitride-based lll-V compound semiconductor is 
grown on the substrate by using this growing mask, a 
multilayer film at least having a top surface consisting 
of nitride as a growing mask. The growing masks consist 
of, for example, an oxide film and a nitride film 
thereon, a metal film and a nitride film thereon, an 
oxide film, a film consisting of nitride and oxide 
thereon and a nitride film thereon, a first metal film, 
a second metal film thereon and a nitride film thereon 
and so on. The oxide film is a Si02 film or the like, 
the nitride film is a TiN film, SiN film or the like, 
the film consisting of oxide and nitride is a SiNO film 
or the like and the metal film is a Ti film, Pt film or the like. 
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